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QUANTITATIVE ANALYSIS OF ACOUSTIC PRESSURE FOR SONOPHORESIS AND
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devise a bolt-clamped Langevin transducer-based sonophoresis device that enables us to measure with a thin
lead zirconate titanate (PZT) sensor. One-dimensional acoustic theory accounting for wave interaction at the
skin interface indicates that the acoustic pressure and cavitation onset on the skin during sonophoresis are sensi-
tive to the subeutancous support, meaning that there is a strong need to perform the pressure measurement in an
experimental environment replacing the human body. From a series of the experiments with our new device, the
transdermal penetration of polystyrene, silica and gold nanoparticles is found to depend on the size and material
of the particles, as well as the hardness of the subcutaneous support material. We speculate from the acoustic
pressure measurement that the particles' penetration results from the mechanical action of cavitation. (E-mail:
Kurashina.y.aa@m.titech.ac.p) © 2022 World Federation for Ultrasound in Medicine & Biology. All rights
reserved.
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INTRODUCTION (iontophoresis andelectrophoresis (Chien et al. 1990

Choi et al. 1999, magnetism (magnetophoresis

"‘E skin protects - the - body from  pathogens -y ot 2010)) and ultrasound. (sonophoresis
al. 2008) and physicalichemical = stimuli

| 2000 camed by extermal Stess. S [Mitragotri et al. 1995 Yamashita et al. 1997:]). Among

¢ causec OY axiema SEeSS. P these methods, sonophoresis (Azagury et al. 2014) can be

applied to the delivery of various molecules including
non-ionized or non-magnetic materials, which can
increase the skin permeability of molecules such as insu-

ing as a strong barrier, prevents transdermal penetration
of drugs applie e skin (Finnin and Morgan 1999

Trommer and
lin (Kost 000), morphine (Monti et al. 2001), glu-
‘molecular weig .
o1 cose (Me lidocaine (Becker 2005) and
skin (van der al. 2012), there is a need to devise |
A tetanus toxoid vaccine (Ogura et al. 2005) in addition to
a technique that allows for transdermal delivery of larger ¢
nanosized  materials  such  as liposomes
materials (such as macromolecular drugs and nanopar- N ,

" (Rangsimawong et al 2018), polymeric micelles
ticles) through the stratum corneum (Guy and Hadgraft o ) "
ot = (Polat et al. 2012), gold nanoparticles (Xu et al. 2019).
2002). Tn this regard, several rescarchers have developed 9

quantum dots (F et al. 2006) and iron oxide nano-

methods using physical action that include electricity

particles (Lce et al. 2010). Sonophoresis has  thus
extended its application farget in chemotherapy. tissue
engineering, immunotherapy  and  gene therapy
(Polat et al. 2010),

(https://www.sciencedirect.com/science/article/abs/pii/S0301562922000448)
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<<Transdermal Penetration>>

Polystyrene (PSNPs: 30, 200 nm)
® Stratum comeu prevents transdermal penetration of drugs pstyene ¢ d )

Siica (SiNPs: 30, 200 nm)
w Only drugs with \OW molecular WE\QN (MW < 500) c Frozen sections of skin penetrated with nanoparticles by ultrasound
penetrate the skin .5 o, s 72 were prepared and observed by a fluorescence microscopy

‘Sonophoresis has increased the skin permeability of various
molecules, expanding its application in chemotherapy, tissue
engineering, immunotherapy, and gene therapy

Previous researches. ok
W insuin® WPolystyrene nanopartcles’ 0 PE PSies Control
Penetrated
nanoparticles

porine skin were shown by
anscucer white arrows
1 Yo, o A oy N, 9, el e . . G917
<<Purpose>> 200 nm-PSNPs were peneuaxeu i hard lining (HDPE)

We fabricate a sonophoresis device that penetrated nanoparticles | | @200 nm-SiNPs were not penetrated, but PSNPs were penetrated
through stratum comeum by ultrasonic irradiation, and demonstrate
the transdermal effect using various inings and nanoparticles

<<How to irradiate ultrasound>> onditions

L transducer AUNPS penetrated in the skin were sensitized and stained wit

N m ,?;;’,g‘;;;:gﬁ‘"'"g Mayer's hematoxylin and observed by a phase contrast m\cwscope

[4 b [ 2 ] [ R ] @ eif’ oz zw ‘Synthesized nanoparticles
Topical appicaonof  Adjustment of Utrasound s u ranetr ot romtiles
nanopartices Z positon inadiation o=y _ 5
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Goldymhesizedmeibod  Measuring the amount of transdermal
<<Design of sonophoresis device>> penetration of 20 nm-AUNPs. (black
8 Ultrasonic transducer: bolt-clamped Langevin (BL) transducer A\ 2 mmaoes C m..wwi anows) by ICP-M:
 The electic balance can detect the morment when g O
the BL transducer touches the harvested skin P % +h Boo
Ulvasonic | N i
<<Vibration conditions>> esone . :h v 8o
Max amplitude: 1.3 e ooie 320
Frequency: 42 1Kz P D 2omANs E conrol T
Duration time: 5 min L wt o Y5 Amountof APs penetaied i skin
| 3 | Since the amount of penetration did
Al 7S ) ;ﬁ not change leyard\ess of stratum
& eryic um 0um comeu,
2 ® holder Goldsensized rozen skin section  penetrated into S vatim granulosum
%
2 Elecric
Baiance
Snfoedon  Utrasound iadisted by Compostion of
the lining BL ransducer ‘sonophoresis device:

This sonophoresis device Shows that the penetration behavior of the
Using high o low-density polyethylene (HDPE or LDPE) as a lining, | | system changed with the differences in particles and lining
which has similar acousiic impedance 1o cartiage and muscle

i work v paraly Sipporied by Wz Faundaion and 3K |
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